It is suggested that the low-energy pion-nucleon p-wave phase shifts will be well understood by taking account of the effects of not only the pion-pion P-wave interaction but also the pion-pion S-wave interaction into the equations for the p-wave scattering amplitudes '.derived by Chew, Goldberger, Low and Nambu. § 1. Introduction Chew, Goldberger, Low and Nambu (CGLN) have derived the equations for the partial wave amplitudes of the pion-nucleon scattering and 1:-:ave shown that they nearly reproduce the experimental p-wave phase shifts at the low energies, except that the theoretical Ja 11 / is about 3""4 times as large as the experimental one.
where the superscript 1 represents the derivative with respect to t ( ==--4JC
2 ), at t=O.* In (2 · 2), very small contributions from the pion-nucleon s-and d-waves to the left-hand side have been neglected. Here, we will examine to use the different equation (2 · 2) from the corresponding one of CGLN, for, if one used this instead of (2 · 2), it would be necessary to use the dispersion relation for would later become necessary. By the use of the dispersion relations for A <±l and B<±l given by CGLN, from (2 ·1) and (2 · 2) we have the p-wave scattering amplitudes as follows :
* In this paper, the notations of CGLN will be used, unless specially mentioned, and the conventional units h=c=l and pion mass p=l will be used. , t) as long as one omits the higher partial waves other than S-and P-waves. 3 ),B)
Then, from (2·1) and (2·2), the pionpion contributions will be written as
where a (q) represents the contribution from the S-wave pion-pion interaction and E(q) and b(q) represent the contributions from the P-wave pion-pion interaction. Then, using the relations the contribution to each p-wave amplitude becomes as follows:
which may be summed up as
where q and p are the initial and final pion momenta and (3 and a are the initial and final pion isospin indices. In the next section, we will try to estimate these parameters a(q), b*(q) and E(q) by comparing with the experiments at the low energies. * This will be very natural from the following consideration. The difference between (2 • 2) and that of CGLN is essentially in whether one uses the experimental or the theoretical s-wave scattering amplitudes. (And in (2·2) the contributions from the s-waves have been neglected, as they are estimated to be very small by using the experimental s-wave amplitudes.) However, the theoretical s-wave amplitudes predicted by CGLN have been shown to nearly reproduce the experiments without the pion-pion e.ffect.V Then, the results should be nearly equal to each other. § 3. Numerical estimation of the pion-pion effects. Discussion
We shall here restrict our attention to the pion-nucleon scattering within the low energy limit. The p-wave phase shifts predicted by (2·3) are numerically calculated as is shown in Table I , one taking the coupling constant Table I . Owing to the large experimental inaccuracy, in addition to the limitations on the theory of Cini and Fubini applied here, one might not be able to derive so decisive conclusions on the pion-pion effects, but we wish to derive as much information on these effects as possible. Table I . The pion-nucleon p-wave phase shifts at the low energies are calculated by using (2·3). The experiment is taken from the report by Puppi in the 1958 Annual Conference at CERN. Table I it can be seen that the a 13 and a 31 are consistent with experiment, but (i) the ja 11 j is about 3,..__,4 times as large as the experimental one, (ii) the a 33 has a tendency to be smaller than the experimental one at least within f 2~0 .08 ± 0.01, though this is not so remarkable as (i). In this paper, we will assume these discrepancies to be due to the neglect of the effects ef the pion-pion interactions. These discrepancies might be considered to be due to the neglect of the effects of the higher partial waves of the pion-nucleon scattering on the dispersion integrals, but these effects will be found to be approxi mately included in the assumed pion-pion effects at least if one assumes that the two-pion exchange interaction will be dominant at the low energies. Comparing the p-wave pl-:ase shifts predicted by (2 · 3) with the experiment, we can then estimate a(q) and E(q) from (2·6) and can estimate a(q) and b*(q) from (2 · 7). The two ways to estimate a(q) are, of course, due to the last equation of (2 · 4) which comes from the assumption of the S-and P-wave interaction dominance. The results are shown in Table II .
The necessity of the positive b* can be found from (2 · 7), as the positive b* can make the ll' 31 and a 11 (which are predicted as a 31 ~ a 11 in (2 · 3)) close to each other. But from this effect the a31 becomes rather smaller than the experimental one, then the positive a( ~b) becomes necessary, which is reflected in the third line of Table II . On the other hand, the positive a from (2 · 6) comes from the fact that, without this, the a 33 is rather smaller than the ex- This circumstance is illustrated in Fig. 1. From Fig. 1 we can estimate the coupling con- from (2 · 6) with the a(q) from ( 2 · 7). Then the results become as follows: 
Thus, the attractive isospin-independent interaction a(q) > 0 IS found to be very favorable for understanding the low-energy p-wave phase shifts. Further, the above estimated f 2 is found to be close to the usual 0.08 ± 0.01, which is considered to support our assumption of the pion-pion S-and P-wave interactions dominance. We can then calculate b*(q) and E(q) tentatively by taking 
where the error in b* arises almost from the large inaccuracy m a 11 , but the a-b* will be fairly accurately determined from the data of a 31 within ± 0.005. These b* and E are consistent with the values calculated by Bowcock et al. in reference 3), where the pion-pion P-wave resonant interaction is assumed. The pion-pion S-wave effect a(q) in this paper is about 1/2 of the one previously estimated from the different method.
length as will be revised as the order of 1/2p which is one half of the one previously estimated. However, these values of as might not be so reliable by the following two reasons: (i) In the treatment of the integral equation
for rr+rr~N + N in reference 6), the imaginary part of the pion-nucleon scattering amplitude has been approximated by the partial waves for t > 4p
2 as has been made in the treatment of the electromagnetic structure of the nucleon by Federbush et al., 8 J which may, however, be a drastic assumption in view of the treatment of the electromagnetic structure of the nucleon by Frazer and Fulco, 4 J and (ii) in our " phenomenological treatments ", the assumed attractive force will essentially represent all the contributions other thau the one from the dominant (3-3) state to the dispersion relation for A'+'.
We will finally try to estimate the pion-pion corrections at the intermediate energies, for instance, at q= 1 so as to reproduce the behaviors of the small phase shifts given by Chiu and Lomon, 7 
From these, a(q) and b*(q) may be slowly varying functions with the energ1es. However, in order to reproduce the positive a 13 at the intermediate energies, it will be convenient if E (q) rapidly increases from negative to positive as q goes to the intermediate energies. At any rate, from our analysis, it can be found that the assumed effects of the pion-pion S-and P-wave interactions are very favorable for understanding at least the low-energy p-wave pion-nucleon scattering. In order to see the pion-pion effects on the partial waves other than the p-waves, however, one has to know the explicit structures of these effects on the invariant scattering amplitudes A <±l and B(±J. Here, we have not referred to this problem. The author wishes to thank Professors K. Nakabayasi and I. Sato for their interest shown in this work and continual encouragement. He wishes to thank also the members of Kyoto and Tohoku Groups for their valuable discussions.
